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Foreword

Temperature is the most important storage factor affecting the
quality and acceptance of packaged stored food.

During July and August 1955, the temperature cycle within stored
food, the carton air, and on carton and protective tarpaulin surfaces
was measured at Yuma, Arizona in typi cal palletized field storage stacks
and in small isolated Abandon Ship Ration cartons.

A preliminary report of extreme temperatures was made at the time
of data collection (1). The present report was prepared because of the
demand for more detailed storage temperature data and the availability
of computer analysis. Detailed data reduction and analysis were carried
out during 1963 and 1964.

The work was done under Project 1KO-14501-A71C, Food Research, and
7-83-005-04A, Envircnmental Requirements for Design of Military Il6ems.
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Abstract

This is a detailed computer study of hourly temperature distribu-
tions at nine positions in cartons in four differently exposed storage
dumps, in smalJ. isolated Abandon Ship Ration Cartons and at seven tar-
paulin surface and carton surface positions. The observations were made
during July 1955 at Yuma, Arizona, a desert area of extremely high solar
radiation and ambient temperature.

A previous brief pilot report based on sampling and estimation
techniques for the more extreme carton of each stack was published in
1959. Continued demand for more detailed temperature distribution data
at the other 40 positions measured, including interior cartons, small
isolated cartons, and tarpaulin and carton surface temperatures, coupled
with the present availability of sophisticated data reduction and com-
puter facilities at US Army Natick laboratories has prompted the much
more detailed analysis reported herein.

In general, the distributions and correlations resulting from the
more detailed analysis confirmed previous results.

However, a mass of temperature distribution data in tabular and
graphic form is now available for all the positions studied, as well
as the isolated small cartons and surface temperatures which were not
heretofore studied.

As a consequence, regression equations relating storage temperature
five-day means with outside air temperature five-day means with high
correlation coefficients are available for both large dumps and isolated
cartons. The reliability of these relations suggests that in storage
studies in other geographic areas, only a small carton need be studied,
since adequate prediction can be made for the larger dumps, boxcars
and warehouses for which relationships exist between period mean storage
temperature and outside air temperature.

ix



Introduction

A. Purpose of Study

This study Is a detailed distributional analysis and correlation of
all temperature observations made in a food storage dump study at Yuma,Arizona, in 1955. The previous preliminary analysis made at the time

of the data collection (1) used daily maxima and a standardized average
daily temperature distribution to estimate total temperature frequency
in what was fourd to be the most critical carton, the Top Center Carton1 .

Since the time of the original publication, there have been frequent
requests for more detailed data on interior and surface temperatures of
the cartons and surface temperatures of the protective tarpaulins, herein-
after referred to as paulins, and on temperatures in isolated cartons.
The availability of data reduction fac ilities and a GE 225 computer at
the US Army Natick Laboratories has made such -etailed analysis possible.

B. Previous Studies and Preliminary Analysis

During the original 43 day period in June, July, and August of 1955(1) temperatures were observed at various points in four types of food

storage dump stacks at Yuma, Arizona. The stacks were composed of car-
tons of Ration, Combat, Individual, (C Ration). Temperatures were also
observed in three isolated small cartons containing Food Packet, Abandon
Ship, provided by the U.S. Navy. The stacks were exposed with various
types of protection, as were the isolated cartons.

The pilot report on the highest temperatures observed at critical
points in these cartons was published in 1959 (1). Daily mean and maxi-
mum temperatures and the estimated frequency of all temperatures observed
in the air of the most critical Top Center Carton were also reported.

A method of predicting interior temperatures, from outside air
temperatures for weekly or monthly periods, had bern developed in an
earlier study of boxcar temperatures (2). Also, a method had been devel-
oped for computing an effective mean temperature to simulate the effect
of all the fluctuating storage temperatures on food degradation. Finally,
it was shown that for a given total daily solar radiation, air masses
with greater moisture content produce highe.7 storage and ambient mean
temperatures than dry air masses.

C. Scope of Present Study

The present report is a compilation cf frequency distributions,
means and standard deviations of all temperatures at all the positions
of observation (Fime 2), both for ^h total period and for the nine
separate periods of five aays each.

The 5 day period means were used in multiple linear regression
computations as a check on the previous single correlation studies (1).

1
The names of specific temperature measurement positions and of stacks

are capitalized throughout the report, for purposes of clarity.



Although it uses much more detailed and sophisticated methods, the

present study substantially confirms the limited results of the pilot
study. In addition, it greatly extends the data for frequencies, means
and standard deviations to all positions studied, particularly those in
the interior of the stacks and on the critical outside surfaces. It
also provides further confirmation of the greater warming effect which
moist air masses, as contrasted with dry air masses,, have on ambient
air and storage temperatures in sunny climates.

I-inally it completely validates (a) the method of predicting period
mean interior temperatures from outside air temperatures, ar (b) the
prediction of eifective storage temperatures.

Materials and Methods

A. Climatic Considerations in Location of Study

The details of the criteria used in selecting the study location
and the internal observational sites have been described completely
in the pilot study (1). The Yuma area has a summer climate combining
extremely high daily maximum and mean air temperatures, and solar radia-
tion. There is good accessibility to Army meteorological and support
facilities. In addition, in July Yxma normally experiences a change
from dry to a moderately moist air mass, although incoming solar and sky
radiation remain high (2, 3). Thus, to a degree, one can contrast the
effects of hot-dry and hot moderately humid conditions.

B. Measurement Methods

The procedures of temperature measurement by thermocouple and
the experimental design have been reported in the pilot study (1).
However, Figure 1 of the present study shows the dump layout and Figures
2, 3, and 4, the sites of temperature measurements in the stacks and
individual cartons. In particular, Figure 2 gives the names of the
various measurement positions which are referred to in the tables and
discussion of this report.

Not described in the previous report were the measurements made
on three isolated small Abandon Ship Ration Cartons, exposed in three
different ways (Figures 5 and 6).

These ration cartons had the following characteristics (4):
(1) A fibreboard carton measuring about 2 3/4 x 7 3/8 x 14 3/4 inches
contained 15 individual food packets and a cigarette packet each
packaged in a waterproof bag.
(2) The bag at time of the study was composed (reading from outside
in) of a scrim cloth, aluminum foil, polyethylene-laminated material.
tl ±nd.-.viua -P c. A-c'ts each contained two slarch jelly bars,

four mint tablets, chewing gum, and matches. The sixteenth packet
contained two packages of cigarettes.
(4) Weight per carton was 5.95 pounds and the cube per cartor was
0.16 cu. ft.
(5) Each food packet weighed 5.12 oz. and had a cube of 18.8 cu. in.

The curren~t counterpart (5) to this ration has been changed only
by the substitation of a polyester, aluminum foil, polyethylene-
laminated bag.

The water content of most of the items is about 10% and the ration
is designed for and stored in lifesaving craft aboard ships, usually
under a suitable paulin cover. This low water content, the type of
packaging and the size of this ration would seem to make it quite com-
parable to other presently used smll, isolated carton rations.

2



One carton was exposed with its normal protective black neoprene-
coated nylon covef, and a second withou~t this cover (Figure 5). FI~hally
one carton was exposed with both its black cover and a small raised
paulin fly cover (Figure 6). Thermocouples were inserted one-half
inch into the air between the packages of those cartons and temperature
measurements were made on the same schedule as for the larger stacks
(i.e. every half hour).

C. Data Reduction, Computation, and Analysis

Hourly data from the electronic recorder charts were reduced to
a digital form on punch cards using a Contact Telereader, Teleducer,
Program Unit, Teletypewriter and an IBM Card Punch (procured from the
then Telecomputer Corporation, Burban]:. California).

The resulting punched data were tabulated and analyzed by computer
(GE 225) to provide frequencies, means and standard deviations of all
hourly observations at all positions, both by five-day periods and for
the total 43 day period of the study. he subdivision into five-day
periods permitted the computation of the linear regression of period
mean storage temperatures on outside air temperatures and also a
multiple regression including radiation and wind speed as additional
independent variables. Regression analysis had been very successful
in the boxcar (2) and warehouse temperature studies (3) as a predictive
method for storage temperature stress. Similar high correlations were
found in this study.

Results and Discussion

A. Confirmation of Results of Preliminary Analysis

(a) Absolute Maximum Tmperatures

The detailed analysis undertaker. in the present study confirme.
the validity of the hypothesis that the highest mean temperatures were
found in the Top Center Carton Air. However, the Top Southwest Corner
Carton Air reached greater absolute maximum temperatures as shown in
Table I, and Figures 7, 8, 9, and 10.

Carton Air temperatures were normally measured within one of
the 6 ration packages. However, thermocouples located outside and
between the ration packages showed even higher absolute maximum air
temperatures (Thble I - Top Center Carton Air Temperature Outside Ration
Package).

3
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II

JI

I A Top Center Carton Air
I C Top Center Carton - Food

Ur A Carton Below I - Air
IT A Carton In Diametric Center Of Stack -Air

] Y A Center Bottom Carton - Air
Y A Center West Face Carton - Air
Y C Center West Face Carton Food

YE A Top Center Carton - Air Outside Ration Package
Y A Upper Southwest Corner Carton - Air

A=Tlharmocouple In Roion Pc' Air
*,,us,.Jp IIrOif rac~age.

C- Thermocouple In Can In Ration Package- Food

Figure 2. Location of thermocouple positions in stack.
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Top Center Carton 109 lo4 llB 100 

Middle layer Outer 
Carton on West Face 
of stack lll 101 ll7 99 

Top Soutlnlest Cor~ 
ner Carton ll2 109 125 104 

Abandon Ship 
Ration with Black 
Cover 131 

Abandon Ship 
Ration rl th No 
Cover 127 

Outside Air ll4 

Top Center Carton 
Air '!empera ture 
Outside Ration 
Package l34a l<J6 128 99 

aTrd.s value seems atypically high atxl is suspect since the thennocouple rray 

have been touching the upper surface of the C-Ration carton, vhich was in 

direct contact uith solar radiation. 

This position is regarded as un1~alistic for typical packaged food 

exposure. It might apply, however, to a carton containing' unpa.ckaged i terns 

like nuts, oranges, or dried potatoes. 

(b} Fr-equency Distributions and t008.ns of all Hour:cy lfumperatures 

in Surface Cartons Versus Interior Cartons for the Total Period, 

22 June to 3 August 

Tables II~XV and Figur-es 8-12 display the frequencies J means a11Cl. 

standard deviatiorts of all hourly temperatures at all positions observed, 

including the isolated AbarBion Ship Ration Carton& for the total period. 

'Th..ble II shaws only the m3ansJ standard deviations and absolute 

maxima for surface as contrasted with interior cartons. a '!his table shows 

cleariy that the stack covered with a tight paulin had the highest ·mean 

temperatures even in the Bottom Center Carton. fue other three stacks have 

surprisingly little mean temperature gradient between the surface and interior 

cartons. There is also little difference from stack to stack at comparable 

positions in each of the three types of stacks other than that of the Tight 

Paulin stack. 

a'lhese composed only 16~ of' the volume of .the stacks, but this proportion 

would, of course, be IIIIlch greater in larger stacks. 

13 



Table II

Absolute Maxima, Means and Standard Deviations of Hourly Temperatures
at Representative Interior and Exterior Positions in Cartons of Stacks

and Abandon Ship Ration Cases for Total Period

Position Mean Standard Deviation Absolute Maximum

Outside Air 90.8 9.4 114

Abandon Ship Ration 95.9 17.7 131
Black Cover

Abandon Ship Ration 92.4 15.9 127
No Cover

Top Center Carton Air
Open Stack 90.2 6.5 109

Raised Fly Stack 89.1 5.5 104

Tight Paulin Stack 100.2 7.6 118

Raised Fly with Foil
Stack 88.0 4.0 i,00

Second Layer Center
Carton Air

Open Stack 88.1 4.4 104

Raised Fly Stack 88.9 3.7 100

Tight Paulin Stack M M M

Raised Fly with Foil

Stack 87.7 3.6 97

Stack Center Carton Air
Open Stack 87.6 3,8 99

Raised Fly Stack 88.4 3.5 99

Tight Paulin Stack 93.3 3.3 100

Raised Fly with Foil
Stack 87.6 3.4 96

Bottom Center Carton Air
Open Stack 87.1 4.2 99

Raised Fly Stack 87.2 4.1 99

Tight Paulin Stack 90.1 3.3 98

Raised Fly with Foil
Stack 87.2 3.8 99

14



The latter has a 10 F0 gradient of mean temperature between 
Top Center. and BottoJl Center Cartons, ·compared to the nearly isqthermal 
conditions of the other a·ta:cks~ Indeed, mean temperatures at all posi­
~ions listed in Table II except those in the Tight Paulin Stack and 
the Abandon Ship Ration were equal to or lower than mean Outside Air 
temperature. These .findings from detailed ·data confirm similar ones 
of the pilot study (1) which was based on estimates made from 9 selected 
days. 

The variance of the data is revealed both by the ·standard de­
viations and the absolute maxima of Table II and the more detailed 
figures and graphs (Tables III-XVI and Figures 7-12). Here sgain, how­
ever, it .is the Top Center Carton Air of the tight paulin stack and the 
isolated small cartons of: the·Abandon Ship Ration Cartons which show 
large standard deviations and high absolute maxima, In the isolated 
cartons of the latter, the heat mass is so Small that one would expect 
the large variance and the-high maxima, since there is littl~ of the 
ballasting effe·.!t found in the larger stacks. 

As a rough rule for estimation of absolute maxima,, during the 
total period of the test for the two most extreme positions, the Black­
covered Abandbn Ship Ration Carton and the Top Center Carton of the · 
Tight Paulin Stack, the addition of 35 F0 to the monthly mean of the 
former and ~0 FO to the monthly mean of the latter, will give the 
monthly maximum with~n l-~ ~oo 

In all the 're~ining positions showri. in Table II, the standard 
deviation is between 3 and 6 F0 , the higher figures being ass.ociated 
with the surface positions. Indeed, the OUtside Air temperature shows 
a greater standard deviation than temperature at any position except 
the air of the Abandon Ship Ration Cartons. 

{c) Prediction of Period Z.iean Storage Temperatures fran <A.tt­
side Air Temperature 

The more accurate analysis made possible by the complete re­
duction of all hourly obser~ations and computer analysis of the reduced 
data refined the regression equations previously reported in the pilot 
study (l). Using eight five~day periods, linear regression analysis of 
(Table XVII) the foll~~ng values for the equation: 

Y=b+Cs,!.SE 

where y :::: 5~day mean Top Carton Air temperature 

b = ordinate intercept 

c slope of least squares regression line 

x = 5-day mea.11 OUtside Air temperature 

SE = stru:o,da.rd error 

CC = Pearson product-moment coefficient of correlation. 

15 



The correlation coefficients are significant at less than the
0.01% level and were significantly higher than those found in the pilot
study. A plot of the regression lines is shown in Figure 13. In
multiple correlation, the addition of radiation and wind speed did not
increase the correlation coefficient. It is thus confirmed that period
mean storage temperatures in storage dumps can be predicted from period
mean outside air temperatures.

(d) Prediction of Effective Temperatures for Storage Simulation

A method of computation of an effective mean temperature to
simulate the degradative effect of fluctuating food storage temperatures
was developed in the pilot study (1, p. 33-34 and Appendix B, p. 59).
The method requires knowledge of two functions: (1) the dependence
of degradation rate on temperature) either in empirical tabular, graphi-
cal, or mathematical form, and (2) the frequency distrib iton of all
temperatures in stored food during the period of storage, such as those
found in the present study for Top Center Carton Air (Table III).

Thus, for a given month, an effective mean temperature can
be derived which will, in all cases, somewhat exceed the arithmtic
mean of storage temperatures because of the known increase in degrada-
tion of most foods with temperature increase (i, p. 33). Table XVIII
shows a comparison of such effective mean temperatures with arithematic
mean temperatures for Top Center Carton Air in all four stacks for the
entire period 22 June to 3 August.

16



Table XVII

Regression of Period Mean Storage Temperature on Period Mean
Outside Air Temperature

b C SE cc

Open, Stack 0.15 0.99 + o.76 0.97

Raised Fly Stack 4.03 0.94 o 0.67 0.98

Tight Paulin Stack 36.9 0.70 + 0.76 0.95

Raised Ply with Foil
Stack 20.5 0.74 + o.44 0.98

Abandon Shi2 Ratibn

Black Cover 15.5 0.88 + 1.18 0.93

No Cover -6.0 1.08 + 064 0.98

17
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ETble XVIII

Effective Mean and Arithmetic Man Tmperatures in
Top Center Carton Aira

of Stack Arithmeticb Effectiveb Difference
Mean (OF) Mean (OF) (OF)

Open Stack 89.8 90.8 1.0

Raised Fly Stack 88.8 89,4 0.6

Tight Paulin Stack 100.4 101.8 1.4

Raised Fly with Foil 87.8 88.5 0.7
Stack

Outside Air 90,8

a
Both means were derived by computer; the effective mean was computed from

the known temperature distribution in Table III and an assumed exponential
function of food degradation based on doubling for every 18°F increase in
temperature, which holds roughly for namy foods.

bComputed for total period 22 June to 3 August.
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Figure 11. Frequencies, Means, and Standard Deviations Of Hoarly Observa-
tions for Isolated Abandon Ship Ration Cartons for Total Period
and by Five-day Periods -- Dry Period.
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Figure 13. Regression oZr Five-day Period Means of~ Top Center Carton Air
Temperature and Abandon Ship Ration Carton Temperatare on
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It was satisfying to find that the values derived herein by
computer analysis of the detailed data are within 1 Fl of those found
by the methods of estimation used in the pilot study (1). The addition
of about 1.5 F0 to the predicted monthly arithmetic mean will adequately
predict the effective man monthly temperature in dump storage air.

Using the food degradation function, whether it be empirical
(graphical or tabular), or -atbematical, a series of predicted effective
storage temperatures can be averaged by similar methods to give, for
example, an effective mean annual temperature for storage simulation.

B. Frecvencies, Means and Standard Deviations of all Tmperatures
by Five-day Periods: Effect of Dry Versus Moist Air Mass or
Surface and Interior Temperatures

Tables XIV-LXV and Figures 11, 12, 14, and 15 were prepared to
illustrate the distribution of temperatures when the total period was
broken down into five-day intervals.

Tble XIX, a summary table of means, shows most clearly the increase
in mean storage temperature between the first four periods of dry air
mass weather and the last five periods when a more moist air mass moved
in. At all positions, both interior and surface, a 3 to 5 F0 increase
in mean storage temperature occurred, in spite of the fact that, as was
discussed thoroughly in the pilot study (1, p. 39-41), total incoming
solar and sky radiation decreased and air mass moisture and cloud cover
increased in the latter period.

The increase in storage temperature was as great in the interior
as at the surface and sometimes greater (Tight Paulin Stack, Table XIX).

Figure 18 shows graphically the decrease in five-day total radiation
and increase in five-day mean Outside Air temperature during the moist
period.

The reasons for the increase in storage temperature in sunny, but
humid weather have been discussed in the pilot study (1, p. 39-43). It
is largely due to reduction of outgoing loig wave radiation at night by
the incr'.ased water vapor in the total air mass column which results
in irach higher minimum temperatures.

The much more detailed tempvrature'distribution data of this report
show that the effect of hot humid air is found throughout the interior
and surface cartong. It reinforces the conclusion made in the pilot
study (1, p. 47) that summer storage heat stress will be greatest in
areas like the shore 3 of the Red Sea, or even on large tropical islands
where high solar radiation is combined with high etmospheric humidity.

Table XX shows that although mean storage temperatures increase in
the =ist period, the mean standard deviations of the contrasting grouped
dry and moist five-day periods show very little change in the large stacks.
Thus, although the daily range is reduced by great increase in the mini-
mum temperatare (1, p. 39) with minor increase in the daily maximum,
the variance of the whole fiver-day period temperature distribution
changes little.
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Table XIX

Storage Mean Temperature Contrast BeL.-een Dry and Moist Periods

Stack and Position Dry Period Ending Moist Period Ending
13 September

(OF) Difference (FO )

Stack Center Carton Air

Open Stack 86.0 89.1 3.1
Raised Fly 86.9 89.7 2.8
Tight Paulin 90.9 95.7 4.8
Raised Fly with Foil 85.8 89.4 3.6

Bottom Center Carton Air

Open Stack 85.2 88.8 3.6
Raised Fly 85.2 89.1 3.9
Tight Paulin 87.7 92.4 4.7
Raised Fly with Foil 85.2 89.2 4.o

Top Center Carton Air

Open Stack 88.2 92.0 3.8
Raised Fly 87.0 91.1 4.1
Ti.ght Paulin 98.8 101.5 2.7
Raised Fly with Foil 86.2 89.7 3.5

Second layer Center Carton Air

Open Stack 86.5 89.7 3.2
Raised Fly 87.3 90.4 3.1Tight Paulin M M M
Raised Fly with Foil 85.9 89.6 3.7

Outside Air 88.7 92.7 4.0

Abandon Ship Ration

Black Cover 94.7 97.1 2.4

No Cover 90.1 94.6 4.5

Tight Paulin Stack

Center of Lower Surfaces 98.5 l1.4 2.9
of TarpauIn Cover
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C. Fre uencies, Means and Standard Deviations of All Tmperatures
in "solated Abandon Ship Ration Cartons for Total Period and
by Five-day Periods

Figures 11 and 12 and Tables !I, XIX, XX, XIV, XV, and XVI show
the storage temperature distribution data for the isolated cartons.

Although the total period mean temperatures in both the isolated
Covered and Uncovered Abandon Ship Ration Cartons are lower than those
in the Tight Paulin Stack Top Carton, the absolute maxima, standard
deviations, and calculated effective means of the distributions provide
evidence that they have both a more severe short and long term tempera-
ture stress than the Top Carton of the Tight Paulin Stack and the Open
Stack, respectively. Effective mean storage temperature for the Black
Covered Abandon Ship Ration is 1020F, and for the uncovered ration 97.5 0 F.
Although the margin is small, they are obviously the most extreme type
of exposure of food in cartons.

These high effective mean temperatures have obvious implications
for rations which, under combat conditions, may be expected to be con-
sumed after long periods of isolated exposure away from the relative
protection of a storage dump.

D. Frequencies, Means, Standard Deviations and Maxima of Paulin
and Carton Surface Temperatures

Figures 9, 15, 16 and 17 and Tables XII. XXX=. XXXI, XXXII, XLII,
XLIII, XLIV2 LIV., LV show the distribution of protective paulin and
carton surface temperatures. As might be expected, the absolute maxima
and range of these temperatures are much greater than at other observed
positions, although the mean temperatures are not notably different
from the more extreme carton air temperatures of the corresponding stack.
Note, for example, that in Figure 9, the mean temperature of the lower
surface of the paulin cover on the Tight Paulin Stack is virtually
identical with that of the Top Carton Air of that stack, whereas its
maximum is 1720 F compared to 1180F in Top Carton Air. The minimum
temperature reached by this surface, 580F, is 10OF below the Outside
Air temperature minimum (Figure 7).

The resultant daily range of the paulin surface is greater than
even that of the loose sandy soil surface of the surroundIng desert.
The comparable figures on 27 June are 114OF for the paulin versus a
780F range for the soil surface (1). This has obvious implications as
to the temperature stress on fabrics, threads, and dyes, in addition
to the solar radiation stress, which at Yuma approaches the maximum
for the t-dited States (2).

Neither of the surfaces on the other paulin-covered stacks reached
the extremes found in the Tight Paulin Stack. During the period ending
26 June, for example, the Raised Fly and Foil Stack paulin surfate
reached 1560F while that on the Raised Fly Stack peaked at 149OF.
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Conclus ioLz S

The present report is a detailed computer study of hourly temperature
distriP.:tion at nine similar positions in cartons in each of four dif-
ferently exposed storage dumps, in three isolated Abandon Ship Ration
Cartons and at seven tarpaulin surface and carton surface positions. The
observations were made during the hottest 43 days of the year at Yuma,
Arizona, an area of extreme ambient and storage heat stress.

Most cf the findings of the previous pilot report, some of which
were based upon a sampling and estimation method, were confirmed by this
computer study of all the collected data:

a. In the large dumps, absolute maximum temperature obs.rved in
carton air was, as reported before, 128°F in the Top Center Carton of
the Tight Paulin Stack. However, absolute food temperature maximum was
1180F.

b. The Tight Paulin Stack showed at all comparable positions the
highest temperatures. For the Top Center Carton it was approximately
12 FO higher in effective mean temperature (1020F) for the 43 day period
than the other stacks.

c. The Tight Paulin Stack also showed a pronounced gradient of
temperature from surface to interior (about 6 FO lower in the Stack Cen-
ter Carton Air in effective mean temperature than at Top Center Carton).

This conclusion, previously suggested by a sample of one of the
hottest days, 15 July, was validated by the total data analysis.

d. Based on the total data analysis, the remaining three stacks
showed little mean temperature gradient from surface to intericr and
little mean temperature difference from stack to stack, although the
more protected stacks showed a smaller temperature range due to both
lower maximum and higher minimum temperatures. Again, the earlier
estimate, based an random sampling, was confirmed.

e. Both mean and effective mean temperatures at the position of
extreme stress -- Top. Center Carton Air, as derived by computer differed
by 1 FO or less from the values derived previously by the use of an
averaged normalized daily cycle and the known daily maxima to compile an
estimated distribution,

The computer based values for effective mean storage temperature for
the 43 day period are as follows:

Tight Paulin Stack 101.8

Open Stack 90.8

Raised Fly Stack 89.4

Raised Fly with Foil Stack 88.5

These values are derived, as before, based on an assumed doubling
of food degradation rate for every 18 F 0 . The necessary increment added
to the arithmetic mean for the period is in all cases less than 1,5 F0 .
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f. Correlation coefficient~ in the regression of storage air tempera-
ture for 5-day p(riod means on 5-day mean outside air temperature were
raised to highly significant levels by computer analysis (0.95-0.98,
where N = 8). Similar high correlation coefficients were found for the
regression of Abandon Ship Ration Carton on Outside Air, permitting the
predict-Ion of dump storage air temperature from isolated small carton
air tenperatures by cross correlation, where the latter are the only
available data.

g. The isolated Black Covre7dd Abandon Ship Ration Carton Air reached
an absolute maximum temperature of 131, and its effective mean was
103 F , making it by a slight margin, the most extreme storage environ-
merit as compared to the Tight Paulin Dump and the Standing Boxcar.

h. No significant changes fram the pilot study in the absolute
maximum surface temperatures of paulin and caetons were observed, 1719F
for the paulin of the Tight Paulin Stack being the highest observed.

However, the total distribution tables and graphs are provided for
7 surface temperature positions, permitting cumulative degradation com-
putations if a temperature degradation relation is known.

i. The effect of a moist air mass in producing higher .mean storage
temperatures eas shown to prevail in the interior as well as the surface
cartons and in the isolated Abandon Ship Ration Cartons and the paulin
surfaces

Recommendations for Food Testing Temperatures

a. The present detailed data analysis affords little reason to
alter the previously stated daily extreme temperature cycle and the long-
term 6 months at 100 P as prudent fcod testing limits.

b. It is recommended that the effect of the combination of moist
air mass andhigh solar radiation be tested at such areas as the Red Sea
and Persian Gulf littorals. The present data and correlations would
justify th'; use of a small isolated carton for measurement, since data
thus gaizaed would permit prediction for the larger dmps by methods sug-
gested herein.
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APPENDIX A

Percentage Frequencies, Means and Standard Deviations of Hourly
Observations for Total Period

22 June to 3 August

Table III - XVI
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Table III 

Percentage Frequencies, Means and Standard Deviations of Hourly Observations for Total Period - 22 .June to 3 August 

Top Center Carton Air 

Temperature (°F) 

76-7 78-9 80-1 82-3 84-5 86-7 88-9 90-1 92-3 94-5 96-7 98-9 100 102 104 106 108 110 112 114 116 
-

sx N X 

-1 -3 -5 -7 -9 -1 -3 -5 -7 

Open Stack 2 3 5 6 8 9 10 11 12 10 9 6 3 2 1 1 90.2 6.5 964 

Raised Fly 
Stack 1 3 5 7 10 13 14 14 12 9 5 3 3 89.1 5-5 964 

w Tight Paulin 
CD 

Stack 2 2 4 5 8 8 10 9 8 8 7 5 10 5 4 2 1 100.2 7.6 964 

Raised Fly with 
Foil Stack 3 10 14 19 21 15 8 5 3 1 88 .. 0 4.0 964 



Table IV 

Percentage Frequencies, M3s.ns a.nd. Standard Deviat.ions of Hourly Observatipns for Total Period - 22 -rune to 3 Augu.:t 

Top center Cart.on - Air Outsid.e Ration Package 

~mpera.ture (°F) 
-

50-9 60"9 70-9 80-9 90-9 l00-9 110-9 l20-9 
X s 

X 
N 

Open Stack l 9 l8 23 l5 l6 l2 4 90·7 l7.3 964 

Tight Paulin 
l0l.5 ll.5 964 

Stack 4l. 38 2l. l.9 8 

:temperature ( °F) 

74-5 76-7 78-9 80-l. 82-3 84-5 86-7 88-9 90-l. 94-5 96-7 98-9 lOO-l l02-3 l04-5 lo6-7 108-9 - s N 

w 
92-3 X 

"' 
X 

Baised Fly 
Stack l. l. 3 5 7 9 l2 l2 13 11 8 7 5 3 1 1 89 .4 6.2 964 

Baised Fly with 
Foil Stack 2 6 lO 13 21 l8 l4 8 5 2 l 87.7 4.6.963 



Table V 

Percentage Frequencies, Means and Standard DeViations of Hourly Observations :for Total. Period ;- 22 June to 3 August 

Top Center Csrton Feed 

ry:emperature (°F) 

76-7 78-9 80-1 82-3 84-5 86-7 88-9 90-1 92-3 94-5 96-7 98-9 100 102 104 106 108 110 112 114 ll6 X s N 

-1 -3 -5 -7 -9 -1 -3 -5 -7 X 

Open Stack 2 3 4 6 8 1o· 12 16 12 9 7 5 2 1 1 89.8 6.0 964 

Baised Fly 
Stack 1 3 5 7 11 14 14 17 10 8 4 3 2 88.8 5·3 964 

Tight Paulin 
Stack 2 3 5 6 9 9 12 14 7 7 6 12 4 2 1 1 100.4 6.8 964 

.,. Raised Fly With 
0 

Foil Stack 5 9 15 20 21 13 8 6 3 87.8 4.1 964 



~o1e·vr 

Perce~tsge :J?requeuc1es, Means a:na Standard Deviations of Hourly Observations for Total Period ~ 22 June to 3 August 

Top Southwest Corner Carton Air 

jl>mperature (OF) 

70-1 '72-3 74-5 76-7 78-9 80-1 82-3 84-5 86-7 88-9 90-1 92-3 94-5 96-7 98-9 100 102 104 1o6 108 110 X S '" 
-1 -3 -5 -7 -9 -1 X , 

Open Stack l. 2 2 3 4 6 5 6 8 8 11 8 7 7 6 6 3 1 1 1 89,7 8.3 964 

Raised Fly 
Stack l. 3 5 6 9 ll. l.2 14 11 I 6 5 4 2 l. 1 89-9 6.5 964 

Raised Fly with 
Foil Stack 2 4 7 8 12 14 14 15 7 5 5 3 1 l. 88.1 6.0 963 

"" ~ jl>mperature (°F) 

70-9 80-9 90-9 100-9 110-9 l.20-9 

Tight PauUn 
Stack 5 20 30 24 18 3 

98·5 l.2.l. 964 



..,. 
"' 

Table VII 

Percentage Frequencies, Means and Standard Deviations of Hourly Observations for Total Period - 22 June to 3 August 

Second layer center Carton Air 

Tempera tu:re ( oy) 

78-9 80-1 82-3 84-5 86-7 88-9 90-l 92-3 94-5 96-7 98-9 100-l X s 
X 

N 

Open Stack 2 4 7 15 17 19 17 6 6 2 2 1 88.1 4.4 964 

Raised Fly Stack 2 5 10 18 22 22 11 4 4 1 88.9 3-7 964 

Tight Paulin Stack - - - - - - - - - - - - - - - ~ Missing - - - - - - - - - - - - - - - - - - - - - - -

Raised Fly With Foil 
Stack 2 10 18 19 22 14 7 5 3 87-7 3-6 964 



Table VIII 

Percentage Frequencies, Means and Standard. Dev1.ations of Hourly Observations for Total. Period - 22 .June to 3 August 

Middle Layer Outer Garton West Face - Air 

Temperature (°F) 

78-9 SO-l 82-3 84-5 86-7 88-9 90-1" 92-3 94-5 96-7 98-9 100 102 104 lo6 lOS 110 112 - s 11 X 

-1 -3 -5 -7 -9 -.1 -3 X 

Open Stack 2 5 5 9 11 13 15 8 9 7 6 5 1 1 .90-5 6.3 964 

Raised F~ Stack 2 6 6 11 16 18 14 11 7 4 2 1 88.4 4.8 964 

. Tight Paulin 
Stack 1 2 5 7 8 13 14 12 12 7 6 5 5 1 1 98-0 6.0 964 

~ Baised Fly With 
Foil Stack 1 6 9 16 18 20 14 7 4 3 87-5 3-9 963 



Table IX 

Percentage .Frequencies, Means and. Standard. Deviations of Hourly Observations t'or Total Period - 22 June to 3 August 

Middle Iayer Outer Carton West Face - Food. 

Tampera ture (OF) 

78-9 80-1 82-3 84-5 86-T 88-9 90-1 92-3 94-5 96-7 98-9 100 102 104 1o6 108 110 - s N X 

-1 -3 -5 -T -9 -1 X 

I Open Stack 4 6 8 14 15 14 12 9 8 5 2 1 1 90-3 5-3 964 

Raised Fly Stack 1 6 7 13 15 24 14 10 5 3 2 1 88.2 4.3 964 

Tight Paulin Stack 1 2 4 6 10 13 15 l2 12 9 T 5 3 1 97-7 5-6 964 

Raised Fly With Foil 
:g= Stack 5 9 16 19 22 14 7 4 3 87.6 3-8 963 



Table X 

Percentage Frequencies, ~ans and Stand.ard Deviations o.f Hourly Observations :for Total Fericd ~ 22 June to 3 August 

Stack center Carton Air 

Temperature (°F) 

80-l. 82-3 84-5 86-7 88-9 90-l. 92-3 94-5 96-7 98-9 100-1 X s 
X 

N 

--
Open Stack 3 ll 16 l.9 26 l.O 5 4 3 l. sr.6 3.8 964 

Raised Fl,y Stack 2 5 12 22 23 19 7 5 2 2 88.4 3-5 964 

Tight Paulin Stack 2 ll 19 18 21 17 9 2 93-3 3-3 964 

.,. Raised Fly with Foil 
Vl Stack 2 9 20 19 23 15 6 4 3 87.6 3.4 964 



!ll>.ble XI 

Percentage Frequencies, M:ans and Standard Deviations of Hourly Observations for Total Period - 22 June to 3 August 

Bottom Center Carton Air 

Temperature (°F) 

78-9 80-l 82-3 84-5 86-7 88-9 90-l 92-3 94-5 96-7 98-9 - s X N 
X 

Open Stack l 7 l2 17 20 22 8 5 3 4 l 87.1 4.2 964 

Raised Fly Stack l 7 9 14 20 23 ll 5 4 2 l 8[.2 4.1 964 

Tight Paulin Stack 8 16 16 25 19 9 6 90.1 3-3 964 

Raised Fly with Foil ..,. Stack l 6 8 17 18 25 13 5 4 3 87.2 3-8 963 
"' 



:~J 

~ 

Table XII 

Percentage Frequencies, M.eans and Standard Deviations of Hourly Observations for Total Period - 22 June to 3 August 

50-9 

Center of Lower Surface of Tarpaulin Cover 

Temperature (°F) 

60-9 70-9 80-9 90-9 J.00-9 J.J.0-9 J.20-9 J.30-9 J.40-9 150-9 160-9 X s 
X 

N 

Ra.ised,Fl.y With Foil 
Stacka J. ll J.7 20 9 7 7 7 7 7 6 J. lOO.J. 29.0 964 

a 
Temperature at this position was not measured for the total period in the other three stacks. 
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APPENDIX B

Percentage Frequencies, Means and Standard Deviations of Hourly

Observations by Five Day Periods

Table XXI LXV
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~b1e XXI 

Percenta.ge Frequencies, Means 8Jld Standard Deviations of' Hourly Observations by Five Day Periods 

Raised FJ.y with Foil Stack - Top Center carton Air 

Temperature (°F) 

Per:iod -
Ending 78-9 80-1 82-3 84-5 86-7 88-9 90-1 92-3 94-5 96-7 98-9 100-1 X s N 

X 

June 26 2 6 ll 21 21 22 10 8: 88.4 3-3 120 

July 1 1 6 33 31 27 2 84.2 1.9 120 

July 6 l2 24 32 19 10 2 84.5 2.4 120 

'-" July ll 1 13 29 41 14 2 87-7 1.9 105 
..-

July 16 8 18 17 13 23 20 1 92-3 3-4 119 

July 2l 7 13 34 18 23 4 89-5 2.6 68 

July 26 2 14 20 25 19 13 6 86.7 3·5 120 

July 31 6 6 17 38 20 3 2 1 2 5 89.1 3-7 120 

Ang 3 1 8 8 33 31 ll 91.1 3-1 72 



Table XXII 

Percentage Frequencies, Means and Standard I:eviations of Hourly Observations by Five Day Periods 

Raised F~ with Foil Stack - Top Center Carton - Air Outside Ration Package 

Temperature (°F) 

Period 
Ending 78-9 80-l 82-3 84~5 86-7 88-9 90-l 92-3 94-5 96-7 98-9 lOO-l 102-3 104-5 lo6-7 108-9 llO·l X s N 

X 

June 26 2 3 ll l3 20 22 l5 7 6 87-5 3-6 l20 

July l 6 l9 23 23 2l 7 83-6 2.7 l20 

July 6 5 l7 23 l9 24 5 4 2 84.1 3-l l20 

July ll 7 ll 32 23 25 2 87-5 2-4 105 

"' "' July l6 8 ll l8 ,18 22 l5 8 92-7 3-4 ll9 

July 2l 7 22 .27 l9 l6 7 89-3 2-7 67 

July 26 l 4 l6 22 26 l6 7 6 2 86.2 4.3 l20 

July 3l l l lO 23 32 l7 5 3 l l l l l l 2 l 89.4 5-0 l20 

Aug 3 8 5 24 25 8 90.4 4-3 72 



T.abl.e XXIII 

Percentage Frequencies, Means and Standard Deviations of Hourly Observations by Five Day Periods 

Raised Fly vi th Foil Stack - Top center carton Food 

Temperature (°F) 

Period 
Ending 78-9 80-1 82-3 84-5 86-7 88-9 90-1 92-3 94-5 96-7 98-9 - s N X 

X 

June 26 1 1 7 15 21 20 18 10 7 88.0 3.3 120 

July 1 1 12 30 . 34 22 83.8 1.,9 120 

JuJ.y 6 1 22 24 27 16 8 2 83-9 2.6 120 

July 11 2 13 30 42 10 2 87-5 1.9 105 

"' July 16 1 7 18 18 8 27 20 1 92.4 3-3 119 

"' 
July 21 3 23 31 15 23 4 89.3 2.7 68 

July 26 2 11 22 25 26 10 2 86.4 3.1 120 

July 31 8 22 38 14 4 4 4 3 89.2 4.2 120 

Ang 3 8 4 36 37 10 91.4 2.1 72 



~ble XXIV 

Percentage Frequencies, Means and Standa.rd Devi~tions of Hourly Observations by Five Day Period.s 

Raised Fly with FOil Stack - .~ Southwest Corner carton • Air 

~mpe~ture (°F) 

Period -
Ending 72-3 74-5 76-7 78-9 80-1 82-3 84-5 86-7 88-9 90-1 92-3 94-5 96-7 98-9 100 102 104 lo6 108 110 112 114 X s N 

-1 -3 -5 -7 -9 -1 -3 -5 X 

June 26 2 6 4 6 17 '13 12 9 8 9 9 4 1 88:4 5·7 120 

July 1 1 2 6 11 19 14 14 17 13 2 83.0 3·9 120 

July 6 7 11 13 14 14 14 13 9 3 84.0 4.4 120 

"' 
July 11 1 ,11 17 20 13 22 6 3 4 2 1 88.1 4.0 105 

..., 
July 16 2 1 5 9 14 14 17 15 11 6 5 1 93·9 4.5 119 

July 21 1 7 21 16 21 21 7 4 89·8 3·3 67 

July 26 1 1 14 9 21 15 14 12 5 2 3 2 86.5 5·1 120 

July 31 1 8 3 7 17 17 25 5 2 4 3 1 1 1 1 2 2 90.1 7.2 120 

Aug 3 7 4 8 19 28 10 7 4 5 3 91.0 5·5 72 
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'!able :x:xx:r 

Percentage Frequencies, Means and S±?Jldard Deviations of Hourly Observations by Five Day Periods 

Raised Fly with Foil Stack - Air UDder Foil -West Side 

:[emperatuN (°F) 

---· 
Period -
Ending 68-9. 70-1 72-3 74-5 76-7 78-9 80-1 82-3 84-5 86-7 88-9 90-1 92-3 94-5 96-7 98-9 100 102 104 1o6 X sx N 

-·1 -~ -2 -7 

June 26 1 2 4 3 7 8 7 5 8 7 7 12 5 7 4 4 5 2 1 86.6 8.5 120 

July 1 4 12 10 7 11 10 8 8 8 13 7 8~.7 6.1 120 

July 6 2 5 12 9 10 8 10 11 6 10 12 4 84.0 6.3 120 

July 11 6 10 9 9 8 9 12 7 8 7 8 4 2 87 ·3 6.6 105 

~ July 16 6 11 13 11 11 8 12 7 9 8 3 2 93·7 5·9 119 

July 21 9 10 18 12 6 10 13 12 9 88.4 5·0 67 

July 26 10 11 7 14 10 12 8 7 12 3 3 2 1 85.5 7.4 120 

July 31 

Augo:st 3 3 3 10 14 J.4 10 10 10 17 4 1 89·2 8.5 72 



Tab~e =r 
Percentage Frequencies, Means and Standard Deviations of Hourly Observations by Five Day Periods 

Raised Fly v:i th Foil S"t.:'\c};. ~ Air Under Fiberboard Sleeve o.r Top Carton 

Temperature (°F) 

Period 
Ending 72-3 74-5 76-7 78-9 80-l 82-3 84-5 8~-7 88-9 90-~ 92-3 94-5 96-7 98-9 100 102 lo4 ~o6 X s N 

-~ -3 -5 -7 X 

J\llle 26 3 3 7 8 7 9 8 7 9 9 7 6 4 5 3 2 l 86.8 7.9 ~0 

July 1 "6 14 6 11 10 8 8 4 7 11 10 4 82.9 6.8 ~0 

July 6 3 6 11 11 7 11 9 8 7 4 9 9 2 2 84.4 6.9 ~0 

"' 
July 11 2 2 4 11 ~ 8 7 9 7 ~0 9 8 10 4 l 87.1 7.0 105 

"' July 16 1 8 ~0 13 ~0 13 6 10 9 7 7 5 2 93·5 6.~ 119 

July~ 7 9 19 13 7 9 9 ~6 9 88.6 5.0 67 

July 26 13 7 8 ~2 10 ~ 9 9 8 4 3 l 2 85.4 6.2 ~0 

July 3l 

August 3 6 3 8 ~ ~ 12 8 11 14 7 88.6 9.1 72 



Table XXXIII 

Percentage Frequencies, Means and Standard Deviations of Hourly Observations by Five Day Periods 

Raised. Fly Stack - Top Center Carton Air 

Temperatw:e (°F) 

Feriod -Ending 74-5 76-7 78-9 80-l 82-3 84-5 86-7 88~9 90-l 92-3 94-5 96"7 98-9 lOO l02 lo4 lo6 X sx N 
-l -3 -5 -7 

.June 26 l 6 6 lO 14 12 13 ll 16 7 4 1 89.7 5-0 120 

July 1 2 8 12 l4 17 14. 17 10 3 84.9 4.0 120 

July 6 l 5 10 12 12 l6 16 12 9 5 2 84.7 4.5 120 

July ll 1 10 lO l6 17 l5 l5 l4 l 88.9 3-9 105 
~ ... 

July 16 2 5 4 13 l5 17 13 13 13 2 2 94-9 4.5 119 

July 21 3 4 J.6 18 21 21 is 90-1 3-3 68 

July 26 4 7 12 15 14 17 15 7 2 6 87.2 4.5 120 

July· 31 2 7 16 14 J.6 17 8 10 2 2 2 2 2 91-4 5-1 120 

August 3 5 5 l4 26 J.8 lO 7 5 8 92.0 4.l 72 



Table =v 
Percen~ Frequencies, Means and. Standard Deviations of: Hourly Observations by Five Day Periods 

Raised Fly Stack - Tbp Ce~ter Carton - Air Outside Ration Package 

~mperatu:re (°F) 

Period 
Ending 72-3 74-5 76-7 78-9 80-1 82-3 84-5 86-7 88-9 90-1 92-3 94-5 96-7 98-9 100 102 104 1C6 108 X s N 

-1 -3 -5 -7 -9 X 

June 26 5 7 5 10 ll 7 12 8 9 7 11 3 2 90 0 6 4 120 

July 1 3 7 8 12 13 9 10 13 14 8 2 81,.8 5-2 l20 

July 6 1 3 6 10 9 11 10 13 16 7 T 6 2 85.0 5.6 120 

"' 
July 11 1 6 10 10 12 9 14 14 7 9 6 89.1 5-l 105 

...., 
July 16 2 2 8 14 12 15 15 13 9 7 2 1 95-l 4.7 119 

July 2l 1 T 18 13 18 22 13 7 90.4 3-6 68 

July 26 2 8 14 17 13 12 14 6 7 2 1 3 87.4 4.9 120 

July 31 1 4 15 17 15 12 8 13 4 5 2 2 3 92-5 5-7 120 

August 3 8 12 18 15 15 ll .( 8 1 90.2 4.9 72 



~b1e XXXV 

Percentage Frequencies, Means and Standard Deviations of Hourly Observations by Five Day Pericds 

:Raised Fly Stack - Top center carton Food 

Temperature (°F) 

Period 
Ending 74-5 76-7 78-9 80-1 82-3 84-5 86-7 88-9 90-1 92-3 94-5 96-7 98-9 100 102 104 - s X N 

-3 
X -1 -5 

June. 26 5 10 7 17 10 14 l2 14 5 5 1 89.6 4.9 120 

JW,y 1 3 12 9 17 15 15 17 ll 1 84.6 4.0 120 

July 6 1 5 ll 14 7 18 17 12 7 5 2 84.5 4.6 120 

8l J\Uy ll 1 ll 12 16 14 17 15 ll 1 88.6 3-9 105 

July l6 1 2 3 6 13 15 18 14 13 ll 4 94.6 4.4 119 

July 2l 3 7 12 22 26 19 10 89.8 2-9 68 

July 26 3 8 10 20 l5 15 18 3 3 4 86.8 4.2 120 

J\Uy 3l 1 I, 18 l9 26 l2 4 7 4 4 1 90-7 4.2 l20 

August ·3 5 7 15 30 15' 8 8 4 5 91.6 3-8 72 
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Table XLI 

Percentage Frequencies, Means and Standard Deviations of Hourly Observations by Five Day Periods 

Raised Fly Stack - Bottom Center Carton A:ir 

Temper~>ture ("F) 

Period 
Ending 76-7 78-9 80-l ·, 82-3 ·84-5 86-7 88-9 .· 90-l . 92-3 '94-5 96-7 98-9 .x s N 

X 

June 26 3 9 24 21 12 19 3 8 87.4 3.5 120 

July l l 2 28 22 26 22 83.2 2.4 120 

July 6 2 10 20 24 21 13 8 l . 83.1 3.0 120 

July ll ll 14 28 29 15 2 87.0 2.4 105 

i- July 16 2 3 15 ll' 18 2l 18 12 93.1 3.5 119 

July 2l 3 25 37 10 16 9 89.2 2.7 68 

Jul-: 26 6 7 26 28·. 2l 8 '3 86.3 1.7 120 

July 3l 3 2l 55 15 4 2 88.) 1.7 120 

August 3 l 22 ?l '22 3.:1 88.5 1.5 72 
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Table XLIII 

Percentage Frequencies~ Means a..nd Standard Deviations of' Hourly Observa:tions by Five Day Periods 

Raised Fly Stack - Air Under Fiberboard Sleeve of Top Carton - East Side 

Temperature (°F) 

Period 
Ending 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100 102 104 106 108 llO 112 114 116 118 X: sx N 

-7 -9 -1 -3 -5 -7 -9 -1 -3 -5 -7 -9 -1 -3 -5 -7 -9 -1 -3 -5 -7 -9 -1 -3 -5 -7 -9 

June 26 2 2 1 7 7 3 6 4 5 4 5 4 5 3 2 7 5 5 3 7 3 5 1 2 1 89.9 12.6 120 

July 1 1 7 7 8 4 7 4 6 5 4 5 4 4 7 8 9 4 3 2 84.3 10.3 120 

July 6 2 2 7 8 5 3 6 7 6 7 5 2 5 4 7 '4 7 6 5 1 85.2 10.6 120 

JuJ.y 11 1 5 7 4 4 7 7 7 6 4 7 5 7 5 7 8 5 6 3 89.1 10.2 105 

__, July 16 3 5 ll 13 9 8 6 3 6 5 7 7 7 7 2 1 1 95.6 8.3 ll9 
"' 

July 21 3 10 13 13 7 10 6 4 6 10 9 4 3 89.2 6.8 68 

JuJ.y 26 7 10 9 8 7 10 5 7 5 5 5 7 6 2 3 1 1 86.5 8.4 120 

JuJ.y 31 

Aug 3 1 4 18 10 10 8 10 7 7 3 1 10 3 1 1 1 90.2 10.3 72 



Mle XLIV 

Percentage Frequencies, Means and Standard Deviations of Hourly Observations by F1.ve Day Periods 

Raised Fly Stack - Air Under Fiberboard S~eeve of' Top Carton - West Side 

Temperature {"F) 

Period 
Ending 64 66 68 70 72 74 76 78 so 82 84 86 88 90 92 94 96 98 100 102 104 106 loS llO 112 ll4 x s N 

-5 -7 -9 -1 -3 -5 -7 -9 -3 -7 -9 -1 -3 -5 -7 -9 -1 -3 -5 -7 -9 -1 -3 -5 
X 

-1 -5 

June 26 1 2 2 7 4 6 6 2 6 3 7 3 4 3 7 4 5 6 5 5 2 7 1 :1 89.4 12.3 120 

July 1 1 7 6 8 5 8 2 6 7 4 5 4 3 8 6 12 5 1 2 84.1 10.2 120 

July 6 2 2 6 9 5 3 7 6 7 7 4 2 6 3 5 7 7 4 6 1 85.3 10.5 120 

..., July ll 1 4 9 3 4 8 7 5 7 lf .8 ~· 7 5 7 7 5 6 4 89.2 10.2 105 

..., 
July 16 2 6 ll12 10 8 6 3 6 6 6 6 8 7 2 1 1 95-7 8.3 ll9 

July 21 3 6 18 12 9 10 6 3 6 10 7 7 3 89.4 6.9 68 

July 26 6 12 5 ll 8 8 7 7 6 5 4 4 8 3 1 2 J.. 1 87.0 8.6 120 

July 31· 

Aug 3 5 12 15 5 12 8 7 6 3 3 8 4 3 1 1 90-5 10.6 72 
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Table XLVI 

Percentage Frequencies, Means and Standard Deviations of Hourly Obse~ations by Five Day Periods 

Tight Paulin Stack - Top Center Carton - Air Outside Ration Package 

Temperature ("F) 

Period 
Ending 82 84 86 88 90 92 94 96 98 100 102 104 106 108 110 112 114 116 118 120 122 124 126 128 x sx N 

-3 -5 -7 -9 -1 -3 -5 -7 -9 -1 -3 -5 -7 -9 -1 -3 -5 -7 -9 -1 -3 -5 -7 -9 

June 26 3 4 7 6 9 7 6 4 6 2 6 2 4 2 5 5 2 6 7 2 3 1 101.1 12.1 120 

July 1 4 12 6 8 10 4 6 5 3 2 5 2 3 4 2 6 2 5 3 4 2 98.5 12.2 120 . 

July 6 5 7 11 8 7 8 7 2 3 3 2 3 5 2 2 3 4 2 7 4 2 98.7 12.4 120 

July 11 4 9 6 9 7 7 5 5 6 4 2 4 2 6 2 3 4 6 4 2 4 4 102.3 12.8 105 

..., 
July 16 1 5 8 12 11 10 5 7 3 3 2 4 2 2 5 6 2 5 2 3 106.5 10.9 119 

"' 
July 21 7 10 15- 10 9 7 4 1 4 6 3 4 1 6 3 3 3 l 102.6 10.0 68 

July 26 3 4 6 11 10 16 7 6 3 2 4 4 4 2 3 2 6 2 2 2 101.3 10.1 120 

July 31 3 15 .8 . 7 12 9 5 2 5 3 7 2 2 5 2 8 1 1 1 101.5 9-9 120 

Aug 3 10 17 11 5 0 12 3 5 11 1 1 7 5 1 101.3 9.4 72 
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Table LVI 

Percentage Frequencies, Me~s and Standard Deviations o:f' Hourly Observations by Five Day Periods 

Open Stack - Outside Air 

Temperature (°F) 

Period 
Ending 66 68 70 72 74 76 78 80 82 82, 86 88 90 92 94 96 98 100 102 104 106 108 112 114 - N 110 X sx 

-7 -9 -1 -3 -5 -7 -9 -1 -3 -5 -7 -9 -1 -3 -5 -7 -9 -1 -3 -5 -7 -9 -1 -3 -5 

June 26 1 2 4 6 3 3 5 2 6 5 8 7 6 6 6 6 5 6 2 2 3 4 2 1 90.9 11.7 120 

July 1 2 5 6 9 2 6 7 6 7 7 1 7 7 6 10 9 5 85.9 9.6 120 

July 6 1 5 5 5 7 2 4 7 8 3 5 7 5 5 5 12 7 6 87.6 9.9 120 

July 11 2 7 3 6 6 7 4 5 4 7 7 4 5 7 7 7 7 3 90.3 10.2 120 

"" July 16 2 2 . 3 7 9 9 9 10 8 9 5 7 6 8 4 1 97.6 7.5 120 
\0 

July 21 1 2 4 7 15 12 7 9 6 8 7 11 8 2 90.5 6.7 120 

July 26 3 10 9 7 9 7 8 7 4 7 7 8 6 2 5 89.3 8.1 120 

July 31 1 7 7 5 8 9 7 8 11 7 10 6 8 3 2 92.6 7.2 120 

Aug 3 4 5 7 14 12 7 11 10 11 7 10. 1 93.4 5.8 72 
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